One of the major issues restricting energy efficiency of the c-Si solar cell is the mismatch between the solar spectrum and the bandgap of silicon semiconductor (~1.1 eV). For the photon with energy higher than the bandgap, the excess energy is dissipated through thermalization of charge carriers [1,2]. One promising solution to reduce this energy loss is the spectral modulation via quantum-cutting (QC), i.e., "cutting" one blue incident photon into two near-infrared (NIR) ones to match with the c-Si bandgap. [3,4] To this end, Pr 3+ /Yb 3+ :NaGdF 4 @Yb 3+ :NaYF 4 core/shell nano-structure is designed and fabricated to achieve efficient QC luminescence in the present work.
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In a typical experiment, a certain amount of GdCl 3 , YbCl 3 and PrCl 3 were mixed with OA (6mL) and ODE (12 mL) in a 100 mL three-neck round-bottom flask. The resulting mixture was heated to 150 °C under N 2 flow with constant stirring for 30 min to form a clear solution, and then cooled down to room temperature. Thereafter, methanol solution (10 mL) containing NH 4 F (4 mmol) and NaOH (2 mmol) was added and the solution was stirred at 65 °C for 30 min. After methanol was evaporated, the solution was heated to 300 °C, under N 2 flow with vigorous stirring for 30 min and then cooled down to room temperature naturally. The obtained NPs were precipitated by addition of ethanol (15 mL), collected by centrifugation, washed with moderate cyclohexane and ethanol several times, and finally re-dispersed in cyclohexane for further use. :NaGdF 4 NPs were further used as seed crystals to grow NaYF 4 shells, leading to the formation of monodispersed and uniform sized Pr 3+ /Yb 3+ :NaGdF 4 @ Yb 3+ :NaYF 4 active-core/active-shell NPs, which are rod-like with a mean diameter of 15 nm and a mean length of 21 nm (Fig. 1b) . High-angle annular dark-field (HAADF) STEM observation, which is sensitive to the atomic number (Z) difference in the sample, was adopted to characterize the core-shell structure. Owing to the much larger atomic number of Gd (Z=64) than that of Y (Z=39), a significant difference in contrast between the core (bright) and the shell (dark) is obviously observed, confirming the successful growth of the NaYF 4 shell on the NaGdF 4 core (Fig. 1c) into the shell (Fig. 2b) . This result reveals that the concentration quenching is reduced in the designed active-core/active-shell architecture, since the shell provides another space for the extra Yb ions into the shell, the adverse concentration quenching effect is greatly suppressed, which leads to a much intensified NIR QC luminescence. Hopefully, the studied material may find potential application as a frequency converter to reduce the thermalization loss in c-Si solar cells. [5] References: 
